Objectives: To investigate the hypothesis that there is difference in the treatment outcomes of milder skeletal Class III malocclusion between facemask and facemask in combination with a miniscrew in growing patients. Materials and Methods: Patients were randomly divided into two groups. In one group, the patients were treated with facemask therapy (FM group: 12 males, eight females, average age: 10 years, 5 months 6 1 year, 8 months). In the other group, patients were treated with facemask therapy along with a miniscrew (FMþMS group: 12 males, seven females, average age: 11 years, 1 month 6 1 year, 3 months). A lingual arch with hooks was fixed to the maxillary arch in both groups and a protractive force of 500 g was applied from the facemask to the hooks. The patients were instructed to use the facemask for 12 hours per day. In the FMþMS group, a miniscrew was inserted into the palate and fixed to the lingual arch. Results: Mobility and loosening of the miniscrew were not observed during treatment. Lateral cephalometric analysis showed that SNA, SN-ANS, and ANB values were significantly increased in the FMþMS group compared with those for the FM group (SNA, 1.18 SN-ANS, 1.38 ANB, 0.88). Increase in proclination of maxillary incisors was significantly greater in the FM group than in the FMþMS group (U1-SN, 5.08). Conclusions: During treatment of milder skeletal Class III malocclusion, facemask therapy along with a miniscrew exhibits fewer negative side effects and delivers orthopedic forces more efficiently to the maxillary complex than facemask therapy alone. (Angle Orthod. 2020;90:3-12.) 
INTRODUCTION
Young patients with skeletal Class III malocclusions are treated primarily with facemask therapy to promote maxillary forward growth or to restrain mandibular growth. 1, 2 A major feature of this treatment is that orthopedic force is applied to the maxillary teeth as the anchorage through which the force is delivered to the maxillary complex. This results in stimulation of maxillary forward growth, restraint of mandibular growth, and posterior changes in the direction of mandibular growth and mandibular position. 1, 2 However, negative side effects, such as proclination of the maxillary incisors and mesial movement of the maxillary molars, often become problematic. 3 Miniscrews have been reported as being effective anchorage in orthodontic treatment and they have been used as a practical application for improving various types of malocclusions that are difficult to cure with conventional orthodontic treatment. [4] [5] [6] [7] [8] Because miniscrews are reportedly highly stable in the young jawbone, 9 the application of orthopedic force directly to the jaw by using miniscrews to control its growth and development is expected to be successful.
Nienkemper et al. 10, 11 evaluated the effect of the Hybrid Hyrax bone-anchored rapid palatal expansion (RPE) appliance as a part of facemask treatment. Their report was useful for understanding the effect of this appliance; however, the effect of the miniscrew itself was not apparent. Ngan et al. 12 reported that the Hybrid Hyrax RPE appliance significantly minimized the side effects encountered by tooth-borne RPE appliances during treatment with a facemask. However, the amount of maxillary protraction of the Hybrid Hyrax bone-anchored RPE appliance was almost the same as that observed with the tooth-borne RPE appliance.
The purpose of the present study was to compare the effect of treatment with facemask therapy and a miniscrew with that of facemask therapy alone in a randomized controlled study.
MATERIALS AND METHODS

Trial Design
This study was a single-center, prospective randomized clinical trial. No changes occurred during the trial.
Participants, Eligibility Criteria, and Settings
This study protocol was reviewed and approved by the institutional board of Tohoku University (approval number: 20-2). Forty-one young patients who visited the Tohoku University Hospital orthodontic clinic were recruited from April 2008 to March 2013 and satisfied the following criteria: The cervical vertebral maturation stage (CVMS) was used for patient selection. CVMS II, III, and IV stages, which correspond with the circumpubertal growth period, were defined by lateral cephalometric radiographs. 13 In this study, 28 patients were at CVMS II; 8 at CVMS III; and 3 at CVMS IV. The minimum age was 7 years, 5 months and the maximum, 13 years, 8 months. The patients and guardians provided informed consent for participation in this study. The CONSORT flowchart is shown in Figure 1 . The final number of subjects was 39 (two refused to participate). No patients terminated participation in this study during treatment.
Sample Size Calculation
Calculation of sample size was based on the evaluation of protocols for maxillary protraction previously performed by Cevidanes et al. 14 They compared the treatment effects for maxillary protraction induced by bone-anchored maxillary protraction (BAMP) and facemask in association with rapid maxillary expansion (RME/FM). The BAMP protocol produced significantly greater (1.8 times greater) maxillary protraction than the RME/ FM therapy (BAMP; 5.2 6 1.9 mm, RME/ FM; 2.9 6 1.3 mm). In the current study, a 1.5 times increase was assumed in maxillary forward growth due to treatment with facemask therapy with a miniscrew, a test power of 80%, a significance level of 5%, and an effect size of 0.98. The calculation was carried out using the software G*power (Universität Düsseldorf, Germany). The recommended sample size was 18 patients for each group.
Randomization
Simple randomization was computer generated by use of a software program (R version 3.0.3, R Foundation for Statistical Computing, Vienna, Austria) in a 1:1 ratio by someone not involved in the study. The patients were randomly allocated into two groups using sequentially numbered, opaque, and sealed envelopes.
The FM group (10 years, 5 months 6 1 year, 8 months) consisted of 12 males and eight females and were treated with facemask therapy alone. The FMþMS group (11 years, 1 month 6 1 year, 3 months) included 12 males and seven females and were given facemask therapy with a miniscrew.
Interventions
A lingual arch with soldered hooks was fixed to the maxillary arch in both groups, and a protractive force of 500 g (250 g per side) was applied from the facemask to the hooks by the use of elastics. Patients were instructed to use their facemask for 12 hours per day (Figures 2 and 3 ). The direction of the traction force was ,38 from the occlusal plane ( Figure 4 ).
In the FMþMS group, a miniscrew (Absoanchor Dentos Inc., Taegu, Korea; diameter 1.4 mm, length 8 to 10 mm) was inserted in the anterior region of the palate (Figure 3 ). Multi-slice computed tomography scans were performed with a Somatom Definition (Siemens, Forchheim, Germany) with a 0.8-mm slice increment, 1.0-mm slice thickness, and a 512 3 512mm matrix before miniscrew implantation. 15 Miniscrews were inserted under local anesthesia into the anterior region of the palate, avoiding the roots of anterior teeth, incisive canal, and median palatine suture. A screw hole was made in the bone with a 1.0-mm round bur and a drill (ø 1.1 mm) operated at 500 rpm, and the miniscrew was placed via the self-tapping method. Cone-beam computed tomography scans (3D Accuitomo; J. Morita Co., Kyoto, Japan) were performed (80-90 mVp, 3.5-5 mA, scanning time 17.5 s, field of view 60 3 60 mm, and voxel size 0.125 mm) after miniscrew implantation ( Figure 5 ). 16 At 3-4 weeks after miniscrew implantation, mobility of the miniscrew was checked and the lingual arch was set. The lingual arch was attached to the miniscrew by tying with a ligature wire and fixing with resin. The treatment period was set at more than a half year. As a result, the treatment interval between initial observation (T1) and after facemask therapy (T2) was 1 year, 9 months 6 9.9 months in the FMþMS group and 1 year, 9 months 6 10.2 months in the FM group.
Outcomes
The main outcome of the study was determination of the effect of treatment in terms of skeletal and Angle Orthodontist, Vol 90, No 1, 2020 THE EFFECT OF THE FACEMARK THERAPY WITH MINISCREW dentoalveolar change. A secondary outcome was that of the success rate for use of the miniscrew.
Cephalometric Analysis
All cephalograms at the time of T1 and T2 were traced by a single examiner. Cephalometric measures evaluated the vertical and anteroposterior position of the maxilla and mandible, pogonion, upper first molars, and incisors ( Figure 6 ). All cephalograms were traced and measured two times within 1 week by the same examiner. Accidental errors in duplicate measurements were calculated from the equation: S x ¼ =RD 2 / 2N, where Sx is the error of the measurement, D is the difference between duplicated measurements, and N is the number of double measurements. 17 The error of linear measurement was 0.45 mm and that of angular measurement was 0.488.
Blinding
Blinding of both patient and operator to the intervention was impossible. However, the investigator who analyzed the cephalograms was blinded regarding the origin of the films and the group to which the individual subjects belonged. All data were labeled with numbers and sent to the statistician, who was also blinded to the patients' groups.
Statistical Analysis
All values were tested for normal distribution by use of the Shapiro-Wilk test. The significance of differences in age and the treatment period were tested by performing Welch's t tests since the respective data sets showed normal distributions. In the statistical analysis of the cephalometric variables, the data sets that showed a normal 
RESULTS
There was no statistically significant difference between the FMþMS group and FM group in age (FMþMS group: 11 years, 1 month 6 1 year, 3 months; FM group: 10 years, 5 months 6 1 year, 8 months) or treatment period (FMþMS group: 1 year, 9 months 6 9.9 months; FM group: 1 year, 9 months 6 10.2 months). There were no statistically significant differences between the FMþMS group and FM group at T1 or between males and females for the cephalometric parameters analyzed (Table 1) .
Cephalometric values of the patients at T2 are shown in Table 2 . There were significant increases during T1 to T2 in SNA, ANB, SN-ANS, N-Me, PTM-U6/NF, U6/NF, and L6/MP values in both groups (P , .01); however, no changes were found for SNB, MP-SN, Facial A, Y axis in either group. Therefore, both FM and FMþMS patients showed a significant increase in maxillary forward growth without mandibular forward growth. In addition, there were significant differences (P , .01) in U1 to SN in the FM group, but not in the FMþMS group.
Changes between T1 and T2 revealed significant differences between the two groups with respect to the effects of active treatment (Table 3 ). In particular, SNA change was significantly greater in the FMþMS group than in the FM group (FMþMS group: 2.28 6 1.38; FM group: 1.18 6 1.08; P , .01; Table 3 ). SN-ANS change was significantly greater in the FMþMS group than in the FM group (FMþMS group: 2.58 6 1.78; FM group: 1.28 6 1.38; P , .05; Table 3 ). ANB change was Table 3 ). Also, the increase in proclination of the maxillary incisors was significantly greater in the FM group than in the FMþMS group (FM group: 4.68 6 4.58; FMþMS group: À0.48 6 4.28; P , .01; Table 3 ).
In males (FM group: N ¼ 12; FMþMS group: N ¼ 12), increase in SNA was significantly greater in the FMþMS group compared with that for the FM group (FMþMS group: 2.48 6 1.48; FM group: 1.38 6 1.18; P , .05; Table 3 ). Increase in ANB was significantly greater in the FMþMS group than in the FM group (FMþMS group: 2.18 6 1.38; FM group: 0.88 6 0.88; P , .01; Table 3 ). The increase in proclination of the maxillary incisors in the FM group was significantly greater than that in the FMþMS group (FM group: 5.88 6 4.78; FMþMS group: 0.68 6 4.38; P , .01; Table 3 ). Additionally, the increase in anterior facial height (N-Me) was significantly greater in the FMþMS group than in the FM group (FMþMS group: 6.4 mm 6 3.7 mm; FM group: 3.9 mm 6 2.1 mm; P , .05; Table 3 ).
In females (FM group: N ¼ 8; FMþMS group: N ¼ 7), the increase in proclination of the maxillary incisors was significantly greater in the FM group than in the Table 3 ).
Harms
No serious harm to the patients was observed during treatment. For three of the screws (three patients), the insertion direction was changed immediately after CBCT imaging because root proximity of the miniscrew to the root was confirmed in those individuals. There was no looseness or mobility of the miniscrews during treatment in the FMþMS group.
DISCUSSION
The present study clarified that facemask therapy with miniscrew anchorage exhibited fewer negative side effects and more efficiently delivered orthopedic forces to the maxillary complex. The amount of maxillary protraction was approximately twofold greater in the FMþMS group than in the FM group. Nienkemper et al. 10, 11 evaluated the effect of the Hybrid Hyrax RPE appliance on treatment with a facemask. They reported a significant improvement in skeletal sagittal values in the treatment group compared with the control group. Their report was useful for understanding the effect of the Hybrid Hyrax bone-anchored RPE appliance. However, the effect of the miniscrew itself was not apparent. Ngan et al. 12 compared the effect of the Hybrid Hyrax bone-anchored RPE appliance with that of the tooth-borne RPE appliance on treatment with a facemask. They reported that the bone-anchored RPE appliance significantly minimized side effects such as forward movement of the maxillary molars, excessive proclination of the maxillary incisors, and an increase in lower face height encountered with the tooth-borne RPE appliance. 12 However, the amount of maxillary protraction with the Hybrid Hyrax bone-anchored RPE appliance was almost the same as that obtained with the tooth-borne RPE appliance. 12 The reason for this similarity might have been the difference in the intraoral appliance used (Ngan et al., RPE; this study, lingual arch), the treatment period (Ngan et al., 6 months; this study, 1 year, 9 months), the age at the start of the treatment (Ngan et al., 9.6 years; this study, 11.1 years), and the ratio of males and females (Ngan et al., eight males and 12 females; this study, 12 males and seven females).
In the present study, proclination of the maxillary anterior teeth at T1 in the FMþMS group, which was due to dental compensation, was reduced by the improvement of the maxillomandibular relationship at T2. In a previous report, Ito et al. 18 inserted miniplates into the maxilla and mandible of beagle dogs and applied orthopedic force (2.0 N) by using coil springs. They reported that bone apposition occurred at the zygomaticomaxillary sutures and that the maxillary bone was positioned anteriorly. Additionally, maxillary anterior teeth showed lingual inclination due to dental compensation. The current study findings showed that, compared with orthopedic force alone, that force anchored by miniscrews had fewer negative side effects on the maxillary dentition although a greater maxillary orthopedic effect was exerted.
Recently, a new method consisting of the application of miniplates into the jaw, combined with the use of elastics to apply maxillary orthopedic force, has been reported to improve skeletal mandibular prognathism during the growth period. 14, 19, 20 In a previous animal study, Ito et al. 18 reported that posterior dislocation of the mandibular condyle occurred during the application of maxillary orthopedic force through the use of miniplates. Similarly, De Clerck et al. 20 also reported backward displacement of the mandible and bone remodeling occurred in the anterior portion of the articular fossa, with bone resorption observed in the posterior wall of the articular fossa. In the present study, SNB, facial angle, MP-SN, and Y-axis angle remained virtually unchanged after treatment in both the FM and FMþMS groups. Therefore, although forward growth of the mandible was suppressed and the mandibular growth was shifted forward and downward, there was neither clockwise rotation of the mandible nor posterior displacement of it. These findings suggest that facemask therapy with a miniscrew caused less posterior displacement of the mandible compared with the use of miniplates and elastics.
Limitations
One limitation of this study was the lack of untreated mild skeletal Class III patients as a control. However, it would not be ethical for the control patients to go untreated, and to expose control subjects to radiation despite their need for immediate intervention. In addition, the absence of blinding for participants and operators were limitations of this study. However, though this factor is an inherent issue in this kind of study, it is very unlikely that this source of bias would have influenced the results.
Generalizability
The results of this study could be applied to similar patients with mild skeletal Class III malocclusions.
CONCLUSIONS
In the treatment of mild skeletal Class III malocclusion, facemask therapy with a miniscrew for anchor-Angle Orthodontist, Vol 90, No 1, 2020 age may promote more maxillary forward growth than facemask therapy alone. In addition, this new method resulted in fewer negative side effects, such as proclination of the maxillary incisors. Miniscrews in the palate exhibited a high success rate in growing patients.
